Aims Hymenaea stigonocarpa (Fabaceae: Caesalpinioideae) is an endemic tree from the Brazilian cerrado (savanna vegetation), a biome classified as a hotspot for conservation priority. This study investigates the phylogeographic structure of H. stigonocarpa, in order to understand the processes that have led to its current spatial genetic pattern. † Methods The polymorphism level and spatial distribution of variants of the plastid non-coding region between the genes psbC and trnS were investigated in 175 individuals from 17 populations, covering the greater part of the total distribution of the species. Molecular diversity indices were calculated and intra-specific relationships were inferred by the construction of haplotype networks using the median-joining method. Genetic differentiation among populations and main geographical groups was evaluated using spatial analysis of molecular variance (SAMOVA). † Key Results Twenty-three different haplotypes were identified. The level of differentiation among the populations analysed was relatively high (F ST ¼ 0 . 692). Phylogeographic analyses showed a clear association between the haplotype network and geographic distribution of populations, revealing three main geographical groups: western, central and eastern. SAMOVA corroborated this finding, indicating that most of the variation can be attributed to differences among these three groups (58 . 8 %), with little difference among populations within groups (F SC ¼ 0 . 252). † Conclusions The subdivision of the geographic distribution of H. stigonocarpa populations into three genetically differentiated groups can be associated with Quaternary climatic changes. The data suggest that during glacial times H. stigonocarpa populations became extinct in most parts of the southern present-day cerrado area. Milder climatic conditions in the north and eastern portions of the cerrado resulted in maintenance of populations in these regions. Thus it is inferred that the most southern part of the present-day cerrado was re-colonized by different lineages from northern parts of this biome, after postglacial climate amelioration.
INTRODUCTION
Cerrado, the savannas of central Brazil, is the second most extensive biome in South America after the Amazon rain forest (Eiten, 1972) . Recently, it was classified as a hotspot for conservation priority because of its rich biodiversity, with many endemic plants and animals. It is also extremely endangered by human action. Natural cerrado vegetation now covers only 20 % of its original area (about 1 . 7 million km 2 ; Myers et al., 2000) . The cerrado climate is characterized by conspicuous dry season during the southern winter (approx. April to September) with an average annual precipitation between 800 mm and 2000 mm and an average annual temperature between 18 8C and 28 8C (Ratter et al., 2006) . The vegetation is composed of grasses with relatively shallow roots and deeply rooted evergreen and deciduous woody plants, growing in oligotrophic soils and subject to frequent fires (Bucci et al., 2005) .
Environmental changes in neotropical savannas appear to have been spatially complex during glacial periods. The present-day areas of cerrado in south-eastern and mid-western Brazil are probably remnants of a large, continuous area that existed in the past (Behling and Hooghiemstra, 2001) because of markedly dry conditions during the last glaciation. Palaeopalynological studies have suggested that in the last glacial period, the vegetation of the southern cerrado was replaced by subtropical grassland (Behling and Lichte, 1997; Behling, 1998) , which apparently expanded .750 km northwards, reflecting a drier and colder climate and the occurrence of heavy frosts (Behling and Hooghiemstra, 2001) .
The changes in the vegetation coverage and in the distribution of plant species during the Pleistocene, associated with widespread climatic instability, have been considered to be important factors in the levels of genetic diversity and population differentiation within species (Caron et al., 2000; Dutech et al., 2000; Richardson et al., 2001; Collevatti et al., 2003; Hopper and Gioia 2004) .
Phylogeographic studies have been used to investigate the effects of past climatic changes on the genetic structure of animal and plant species. These studies allow one to make inferences about species evolution within biomes, and these can be used to plan conservation strategies. Most phylogeographic studies of plants have been based on the variation found in organellar genomes, mainly the plastid DNA which is maternally inherited in most angiosperms. Gene flow of maternally inherited genes occurs via seed dispersal and is thus more restricted than that of nuclear genes, which are biparentally inherited and dispersed by pollen and seed (Birky et al., 1983; Ennos, 1994) . The genetic structure of organellar genomes can be greatly influenced by their historical relationship of, and associated gene flow between, populations, as well as by climatic events such as glaciations that occur within a geological time frame (Avise et al., 1987; Avise, 1994; Schaal et al., 1998) . Studies in which the genetic structure of angiosperm populations was characterized both by plastid DNA and nuclear DNA markers have shown that plastid DNA variation is more spatially structured than nuclear DNA variation (Ennos, 1994; El Mousadik and Petit, 1996; Petit et al., 2005) , as expected due to the smaller effective size of plastid genes compared to nuclear genes.
Most phylogeographic studies in plants have been performed on holarctic species (e.g. Dumolin-Lapègue et al., 1997; Clark et al., 2000; Belahbib et al., 2001; Gugerli et al., 2001; Magni et al., 2005; Schierenbeck et al., 2005; Zhang et al., 2005) . These studies have helped to reconstruct the history of the species distribution and to identify refugia and routes of postglacial colonization (Ferris et al., 1993; Petit et al., 1993; Dumolin-Lapègue et al., 1997; Petit et al., 2003) . In the neotropical region, phylogeographic data are scarce (Caron et al., 2000; Dutech et al., 2000; Richardson et al., 2001; Cavers et al., 2003; Salgueiro et al., 2004; Lorenz-Lemke et al., 2005) , especially for plants occurring in the Brazilian cerrado, for which only one study is known so far (Collevatti et al., 2003) .
Hymenaea stigonocarpa, known as 'jatobá-do-cerrado', is an endemic species of the cerrado, occurring across almost the entire region occupied by this biome (approx. between 4 -238S and 41-558W). It is among the dominant woody species in the cerrado flora, occurring in 236 of 316 sites analysed (Ratter et al., 2006) . It is an economically valuable tree because its wood is long lasting and durable, and it is thus widely used in naval and civil construction (Rizzini, 1971) . Its fruits have nutritional potential, both for wild animals and humans (Silva et al., 2001) . Studies of the pollination biology and breeding system of H. stigonocarpa have shown that the species is an outcrosser, with pollination mainly by bats (Gibbs et al., 1999) , as in H. courbaril (Crestana et al., 1985) . There is no information in the literature about seed dispersal of H. stigonocarpa. However, it is widely accepted for H. courbaril that mammals are the principal seed dispersers (Asquith et al., 1999) .
This study investigates the phylogeographic structure of H. stigonocarpa, in order to understand the processes that have resulted in its current spatial genetic pattern. The survey involved the analysis of populations of H. stigonocarpa sampled from the greater part of its range. The sequencing of the non-coding plastid DNA region, psbC-trnS, together with the palaeopalynological and palaeoclimatologic information available for south-eastern and central Brazil were used to infer the history of past changes leading to the present-day distribution of the species and also to identify possible colonization routes.
MATERIALS AND METHODS

Sampling populations and DNA extraction
Young leaves were collected from 175 adult individuals of H. stigonocarpa Mart. ex Hayne (Fabaceae: Caesalpinioideae) from 17 populations (Table 1) , ranging from 10-238S and 41-508W and from 270 -1080 m a.s.l., covering the greater part of its distribution (Table 1 and Fig. 1 ). Leaves were collected and stored in labelled plastic bags at 220 8C until DNA extraction. Voucher specimens from most of the populations collected were deposited in the Herbarium of the Departamento de Botânica da Universidade Federal de Minas Gerais (BHCB).
Total DNA was extracted by the protocol originally described by Doyle and Doyle (1987) with the modifications suggested by Ferreira and Grattapaglia (1995) . Quantity and quality of DNA were assessed by visualization on a 0 . 8 % agarose gel.
Plastid DNA sequencing
To screen for variation in plastid DNA, nine regions were investigated using the nine 'universal' primer combinations: trnK1/trnK2, trnH/trnK, psbC/trnS3 (Demesure et al., 1995) , trnQ/trnS2 (Dumolin-Lapègue et al., 1997), ccmp4-L/atpH (Weising and Gardner, 1999) , psbB/psbF, rpl20/rps12 (Hamilton, 1999) , trnL-c/trnL-d and trnL-e/ trnF-f (Taberlet et al., 1991) . Of these, trnH/trnK, psbC/ trnS3, trnL-c/trnL-d and trnL-e/trnF-f produced clear single products, but only the first two regions showed variation in the samples analysed. Sequences for trnH/trnK were of low quality. The psbC/trnS3 region was approx. 1600 base pairs (bp) long and was sequenced for all individuals of H. stigonocarpa.
Polymerase chain reactions (PCR) were carried out in 25 mL final volume, containing 10 ng template DNA, 1 Â PCR buffer (IC; Phoneutria), 200 mM dNTPs; 0 . 5 mM each primer, 5 mg of bovine serum albumin (BSA) and 1 U Taq polymerase (Phoneutria). After amplification, PCR products were visualized on 1 % agarose gels stained with ethidium bromide, and were purified using polyethylene glycol (PEG) 20 %/2 . 5 M NaCl precipitation. To sequence the psbC/trnS3 region, psbC (Demesure et al., 1995) and RCS 5 0 -AAGATATGCCAGATTCCACC-3 0 (designed using a sequence alignment for six species of Fabaceae: H. courbaril, H. stigonocarpa, H. reticulata, H. aurea, Dalbergia nigra, Plathymenia reticulata) primers were used.
Sequencing was conducted in 10-mL reactions with 3 mL of purified PCR product, 2 mL of milliQ water, 1 mL of primer (5 mM) and 4 mL of ET-DYE Terminator Kit (Amersham Biosciences). The thermocycling programme was as follows: 35 cycles of 25 s at 95 8C, 15 s at 54 8C and 3 min at 60 8C. Sequencing products were precipitated and cleaned with ammonium acetate and ethanol, and then dried at room temperature, dissolved in loading buffer (formamide 70 % and 1 mM EDTA) and run on a MegaBACE sequencer (80 s injection time, 240 min run length).
Data analysis
Consensus sequences were assembled for each individual using at least two forward and two reverse sequences made from independent PCR products, using the software Phred v. 0 . 20425 , Phrap v. 0 . 990319 (http://www.phrap.org/) and Consed 12 . 0 (Gordon et al., 1998) . Multiple sequence alignments were made using Clustal X (Thompson et al., 1997) implemented in MEGA 3 . 0 (Kumar et al., 2004) . Clustal alignments were also checked and edited by hand to minimize software artefacts.
Molecular diversity indices ( p, nucleotide diversity; h, haplotype diversity; k, mean number of nucleotide substitutions) were calculated using MEGA 3 . 0 and DNAsp 3 . 99 (Rozas et al., 2003) . The haplotypic richness was estimated by RAREFAC that uses the technique of rarefaction to correct for sample size (Petit et al., 1998) . Typically, rarefaction is used to standardize allelic richness to the smallest n in a comparison (Petit et al., 1998) . However, the ITC population was not included in this analysis due to its small sample size (n ¼ 3) and a rarefaction size of n ¼ 6 was used. Intra-specific relationships were inferred by the construction of haplotype networks using the medianjoining algorithm (Bandelt et al., 1999) implemented in NETWORK 4 . 1 (Forster et al., 2000) . Hymenaea reticulata and H. aurea were designated as outgroups. To test the influence of geography in population genetic structure, simple linear regressions were made to correlate geographical distances with genetic distance index (F ST values) using the Barrier 2 . 2 software (Manni et al., 2004) . Estimates of differentiation and F statistics were calculated taking into account the pairwise distance between plastid DNA haplotypes. The program SAMOVA (spatial analysis of molecular variation; Dupanloup et al., 2002) was used in order to explore the population structure without a priori hypotheses of the expected structure. This method uses a simulated annealing procedure to define K groups of populations that are geographically homogenous and maximally differentiated from each other. The method requires the a priori definition of the number of groups (K ) of populations that exist, and generates F statistics (F SC , F ST and F CT ) using an AMOVA approach (Excoffier et al. 1992) . By exploring the behaviour of the indices F CT and F SC for different values of K, it is possible (Dupanloup et al., 2002) to identify the optimum number of population groups for a set of sample populations. One hundred simulated annealing processes were used for each value of K from K ¼ 2 to K ¼ 8. Pairwise comparisons of F ST between populations were analysed using an AMOVA implemented in ARLEQUIN ver. 3 . 01 (Excoffier et al., 2005) .
RESULTS
Genetic diversity
The amplification of the non-coding plastid DNA region psbC/trnS3 produced a fragment of approx. 1600 bp, of which 524 bp were sequenced for all individuals. The aligned region included four indels at positions 14, 30, 402 and 509 (Table 2 ). There were 507 conserved positions and 13 variable (excluding the four indels) sites (total number of mutations: 15), 11 potentially parsimony informative sites with two variants and two with three variants each ( Table 2) . This region had a high AT content (57 . 8 %), with the presence of several mononucleotide repeats.
Twenty-three haplotypes were found (Fig. 2) defined by the 13 sites and four indels. Total haplotype diversity (h), nucleotide diversity ( p) and the mean number of nucleotide differences (k) were 0 . 804, 0 . 003 and 1 . 598, respectively. Haplotype diversity for each population (h) ranged from 0 to 0 . 771, haplotypic richness (A) from 0 to 2 . 766, nucleotide diversity from 0 to 0 . 00267 and the mean number of nucleotide differences from 0 to 1 . 393 (Table 1) .
The two most diverse populations in terms of haplotype number were MUC and MCC with six haplotypes (Fig. 1 and Table 2 ). Populations FUC and RPC each only had three haplotypes, although found in similar frequencies, resulting in h values close to MUC and MCC (Table 1) . The populations MUC, MCC, RPC and FUC also exhibited the highest indices of haplotypic richness after rarefaction to correct for sample size. Populations SMC, ADC and DIC only had one haplotype each (diversity indices ¼ 0; Fig. 1 and Table 2 ).
Phylogeographic structure
The relationships among the 23 haplotypes observed and the outgroups H. aurea (HA) and H. reticulata (HR) are shown in the network in Fig. 2 , analysed using the medianjoining method. The most frequent haplotypes were H1, H2 and H8, occurring in 28, 33 and 11 % of individuals sampled, respectively. Haplotypes H2 and H8 were each linked to H1 by a single nucleotide substitution at positions 77 and 516, respectively (Fig. 2) . Most haplotypes (17) were only found in one population (Table 2) . Haplotypes H16, H17, H18 and H19 were only found in the MCC population, H9, H10, H11 and H13 in MUC and haplotypes H14 and H15 in RPC (Table 2 ). Other exclusive haplotypes were found in populations ITC, FAC, JTC, TOC, FBC, PEC and CHC ( Table 2) .
The SAMOVA analyses clearly indicated that there were distinct groups of genetically defined sampling areas. In analyses where K ¼ 2, partitions of the sampling areas were identified that suggested two groups (groups: FUC, ADC, DIC, FBC, PEC, CHC, MCC, RPC, MUC vs. SMC, ITC, PIC, FAC, CVC, JTC, TOC, TUC; F CT ¼ 0 . 476). In analyses where K ¼ 3, an additional partition was identified that subdivided the first group into two areas, with an F CT value of 0 . 588. With K ¼ 4 the F CT decreased to 0 . 473 and after K ¼ 5 to K ¼ 8 the F CT values became stable, ranging from 0 . 579 to 0 . 617. Thus, the present analysis suggested the presence of three F ST geographical groups: a western group comprising SMC, ITC, PIC, FAC, CVC, JTC, TOC and TUC, a central group comprising FUC, ADC, DIC, FBC, CHC and PEC and an eastern group comprising MCC, RPC and MUC. The SAMOVA performed with eastern, central and western clusters resulted in an F ST value of 0 . 692, indicating that 69 . 2 % of the variation was due to differences among the populations, and an F SC of 0 . 252, indicating that 25 . 2 % of the genetic variation was due to differences among populations within these groups (Table 3 ). The analysis using the pairwise F ST distances in Barrier 2 . 2 (Manni et al., 2004) corroborated the SAMOVA analysis, showing the existence of three main geographical population clusters. The F ST values calculated for each pair of populations ranged from 0 to 1 . 00 and most values observed were significant (P , 0 . 05; Table 4 ). The majority of non-significant pairwise F ST values were observed among population pairs within groups (Table 4 ). The mean F ST within groups (0 . 258) was much lower than the mean F ST among groups (0 . 701), agreeing with the division into three groups. Haplotypes HA and HR (found only in the outgroups) were closest to H2, the most frequent haplotype in the western group (Fig. 2) . Eastern populations were more diverse, as indicated by haplotype and nucleotide diversity indices (Table 1) , followed by populations from the western and central groups. The central group includes two monomorphic populations with only the H1 haplotype, whereas all populations except SMC in the western group exhibited two haplotypes each (SMC was monomorphic). Most of the individuals sampled from the central and western groups had haplotypes H1 (71 . 4 %) and H2 (76 . 1 %), respectively, indicating a low degree of variation in these populations. In the eastern group, all of the haplotypes were directly linked to the H8 haplotype, whereas all of the central and western haplotypes were linked to the H1 and H2 haplotypes, respectively (Fig. 2) .
H1 -A T T G T A T T C -A C C G T G
DISCUSSION
The psbC-trnS region (Demesure et al., 1995) has been used in PCR-RFLP studies (Caron et al., 2000; Dutech et al., 2000; Heuertz et al., 2004) ; in the present study, using sequences of this region, H. stigonocarpa populations exhibited similar levels of genetic divergence (F ST ¼ 0 . 692) when compared with the values observed for other species of angiosperms with plastid DNA (median value of G ST ¼ 0 . 646; Petit et al., 2005) . The plastid DNA sequences showed a subdivision of the geographic distribution of the H. stigonocarpa populations into three genetically differentiated groups (eastern, central and western), which exhibited high frequencies of haplotypes H8, H1   FIG. 2 . MJ network analysis of the relationships between haplotypes of the psbC/trnS3 (524 pb) plastid DNA region from 175 H. stigonocarpa individuals and two outgroups (HA and HR). Circle area is proportional to haplotype frequency and colours are as in Fig. 1 . Lines drawn between haplotypes represent mutation events identified by the numbers corresponding to the positions at which the mutations were observed. Black points represent hypothetical haplotypes (median vector). and H2, respectively. The high genetic differentiation between groups (F CT ¼ 0 . 588) was concordant with the analysis with the Barrier software, which suggests the existence of barriers to gene flow. According to coalescence theory, H1 might be a more ancestral haplotype, since it is found in a more central position in the network (Posada and Crandall, 2001) . Furthermore, H1 gave rise to H2 and H8 haplotypes that were found in populations that experienced demographic expansions in the eastern and western groups, as suggested by the star-shaped network around them. However, the H2 haplotype could also be considered an old haplotype since it is found in high frequency in western populations.
In the last taxonomic review of Hymenaea, Lee and Langenheim (1975) described three varieties of H. stigonocarpa: var. stigonocarpa, var. pubescens and var. brevipetiolata. According to these authors, var. stigonocarpa shares its wide distribution range with var. pubescens, and var. brevipetiolata, although collected only in west of Minas Gerais and Mato Grosso, could have a wider distribution area in cerrado. Due to the similarity in the geographic distribution of these varieties, the three genetic geographical groups found in the present study could not be explained by the occurrence of different subspecific taxa.
The subdivision of the range of H. stigonocarpa populations into three genetically differentiated areas can be associated with climatic and vegetation changes within the region. After reviewing palynological records of tropical South America in the Late Quaternary, Behling and Hooghiemstra (2001) suggested temporal and spatial changes in the distribution of savanna vegetation. During the last glacial period, savannas, both north and south of the equator, expanded, reflecting markedly drier conditions (Behling, 2002) . Other records indicated that the southern portion of the present-day cerrado region might have been reduced in area due to strong cold fronts, which moved across the Brazilian highlands far to the north during glacial times (Behling and Hooghiemstra, 2001 ). In the period approx. .48000 to approx. 18000 radiocarbon years before present (YBP), the landscape of Catas Altas (20805 0 S, 43822 0 W) was characterized by subtropical grasslands with small areas of subtropical gallery forests containing Araucaria (Behling and Lichte, 1997) . Increase in rainfall and greatly reduced annual average temperatures in this region favoured the expansion of Araucaria forests, vegetation typical of southern Brazil today, in areas presently covered by cerrado vegetation. Subtropical grassland vegetation expanded, replacing the cerrado regions far to the north in the highlands of south-eastern Brazil, from present-day latitudes of about 28-278S to about 208S (Catas Altas). This also suggested that the temperature in the last glacial maximum was 5-7 8C lower than observed today (Behling, 1998) . The expansion of the subtropical grassland into the cerrado region may have reduced typical cerrado vegetation, thus isolating populations and decreasing the gene flow. This would explain lower haplotype and nucleotide diversity values observed in the populations from the western and central groups.
During glacial times, maritime influences could have determined different climates between central and eastern 
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Brazil. Several lines of evidence show that the arid climate was more extreme in the central Brazil region. The milder climate towards the Atlantic Ocean and the lower latitude allowed cerrado vegetation to spread eastwards to the coast (Behling and Hooghiemstra, 2001 ). In addition, the pollen records from the period 10990-10540 YBP of sand dunes in the middle São Francisco River region (10824 0 S, 43813 0 W, in north-eastern Brazil) show the presence of taxa that are today found in the Amazon and Atlantic rain forests, including species found in mountain regions, thus suggesting humid climatic conditions (De Oliveira et al., 1999) . These facts could be a possible cause for the greater diversity found in the eastern populations (RPC, MCC and MUC) . In these areas, the relatively higher temperatures and humidity (compared with the central and south areas of cerrado) could have resulted in the maintenance of larger populations, retaining genetic diversity. However, in the eastern group most of the haplotypes are private to one population, suggesting low gene flow. In this region only three populations were analysed, and these are geographically distant. Thus, for a more conclusive interpretation of the evolutionary history of this species in the eastern region, it would be necessary to analyse more populations.
The present-day distribution of H. stigonocarpa reaches São Paulo State at its southern limit. Considering that the temperature in the last glacial maximum in south-eastern and central Brazil was 5 -7 8C lower that it is today (Behling, 1998) , the occurrence of this species may have been restricted to regions with a mild climate, closer to the coast or at lower latitudes. In the glacial period the temperature in mid-western and south-eastern Brazil was similar to present-day temperatures in southern Brazil, where H. stigonocarpa does not occur. Silberbauer-Gottsberger et al. (1977) showed a clear relationship between the degree of frost damage of species from cerrado and their geographical distribution. These authors concluded that frost seems to be one of the selective factors influencing the floristic composition of the cerrado at its southern limit. Due to the colder climatic conditions during the glacial time, the frost-sensitive cerrado vegetation must have also remained in the northern part of south-eastern Brazil, where frosts were rare or absent (Behling, 1998) . After savanna vegetation and climatic conditions were re-established (5000 -4000 YBP; Behling and Hooghiemstra, 2001) , the species returned to the southern part of the present-day cerrado distribution. The southward re-colonization could explain the presence of the haplotypes H1, H2 and H8 in the FUC population, suggesting that this population may have originated from different lineages from eastern, central and western groups. Similar data have been observed in a Brazilian cerrado tree species, Caryocar brasiliense (Collevatti et al., 2003) . The phylogeographic study of that species suggested that the population from western São Paulo State, the southwestern limit of the cerrado geographical distribution, originated from multiple lineages of populations from Goiás (GO) and Mato Grosso (MT).
We suggest that a large polymorphic population of H. stigonocarpa covered most of the studied region, and that during the glacial periods it was reduced to small isolated populations, mainly in the central and western sites. The reduction of population size (bottleneck) would cause a depletion of genetic diversity due to genetic drift, which is more pronounced with plastid DNA markers, since its effective size is equal to one-half that of nuclear markers (Birky et al., 1983) . The restricted distribution of haplotypes was maintained through limited seed dispersal during the expansion of the species. According to Avise (2000) , a starburst phylogeographic pattern, as observed in this study, particularly considering the separate geographic groups (Fig. 2) , is an expected signature for a species that has expanded its population and geographic range from a small number of founders. The parallel radiation from north to south with the maintenance of three distinct longitudinal haplotype groups could also have a relationship with geographic barriers that run in a northsouth direction similarly to the observed haplotype groups. The Espinhaço mountain range may have contributed to the isolation of the easternmost of the central groups, and the Espigão Mestre the central ones of the western groups. Another important event, the extinction of megafauna in the Quaternary (approx. 10000 years ago), could have influenced the genetic structure found in H. stigonocarpa, as is also suggested for Caryocar brasiliense populations (Collevatti et al., 2003) . Current dispersion of H. courbaril seeds is mainly by agoutis (Asquith et al., 1999) , but Hallwachs (1986) suggested that this role was 'inherited' from large Pleistocene mammals. It is known that seed dispersal by large mammals was more effective, since they probably had greater dispersion capacities. It is possible that, due to the great similarity between the fruits and seeds of H. courbaril and H. stigonocarpa, seed dispersal in these two species may have been made by the same agents. With the megafauna extinction, dispersal of seeds and gene flow could have been reduced, thus increasing isolation and differentiation between populations. However, it must also be considered that human migration could have led to seed dispersal of H. stigonocarpa. This could explain some of our results, e.g. the CHC population has a haplotype typical of the central group but is geographically nearer to the eastern group.
This study provides information about the natural history of H. stigonocarpa and infers that climatic changes during the Quaternary helped shape the distribution and genetic structure of the species. Accompanied by palynological records, the phylogeographic data suggest that during glacial times the low temperatures resulted in extinction of H. stigonocarpa populations in most parts of the southern present-day cerrado area. Milder climatic conditions in the north and eastern portions of the cerrado resulted in the maintenance of populations. Following the postglacial climate amelioration, most parts of the present-day southern cerrado were re-colonized from three different lineages from the northern parts of this biome. Phylogeographic studies using plastid DNA data of species occurring in the Brazilian cerrado are still scarce. It is apparent that more phylogeographic studies with other species from the cerrado are needed to obtain a better understanding of the influence of Quaternary climatic changes on the evolutionary history of the flora of this biome.
